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ABSTRACT—We obtained three gonadotropin fractions with different electrophoretic mobilities

named BID, B3D and B5D from a glycoprotein fraction of toad (Bufo japonicus) pituitaries by cation

exchange chromatography using the fast protein liquid chromatography (FPLC) system, chromatofocus-

ing and gel filtration using the FPLC system. Gonadotropin activity was monitored by two

radioreceptor assay (RRA) systems, one using bullfrog testis and bullfrog LH as the source of receptor

and radioligand respectively, and the other using toad testis and bullfrog FSH respectively. Although,

LH/FSH specificity was not complete in these RRAs, the fraction BID showed a higher potency in

LH-RRA than in FSH-RRA, while B3D and B5D showed lower potencies in LH-RRA activity than in

FSH-RRA. Furthermore, BID had an activity to release androgen from the toad testis, while B3D and

B5D had slight activities. All these fractions stimulated accumulation of cAMP in testis slices of the

toad in vitro. These results suggest that BID contains LH, and B3D and B5D contain FSH-like

gonadotropin. SDS PAGEanalysis in combination with immunoblot revealed that BID was almost

pure LH, but B3D seemed to be not homogeneous. Anti-B ID-serum and anti-B3D-serum were raised

in rabbits, and radioimmunoassays (RIAs) for BID and B3D were established. The cross reactivity of

B3D and B5D in B1D-RIA was about 30% of BID, while that of BID in B3D-RIA was only 3%of B3D
and B5D. These RIAs were sensitive enough to measure gonadotropins in plasma samples of Bufo

japonicus.

INTRODUCTION

Purification of amphibian gonadotropins has

been attempted in three species, Rana catesbeiana,

[1-4], Rana pipiens, [5], Ambystoma tigrinum, [6].

However, precise chemical and biological prop-

erties have been studied only in the bullfrog, Rana

catesbeiana [1-4, 7]. These investigators unani-

mously found two types of gonadotropins, acidic

gonadotropin and basic gonadotropin. They iden-

tified the basic one as LH by its action in stimulat-

ing androgen release from the testis. Acidic gonado-

tropin was identified as FSH or FSH-like gonado-

tropin from its biological action [8] and receptor
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binding properties [9]. Radioimmunoassays

(RIAs) which are specific to each of these gonado-

tropins were established by Daniels et al. [10],

Tanaka et al. [11] and Yoneyama and Ishii [12],

and are being used for studies on the reproduction

of the bullfrog.

Although toads of Bufonidae are as common as

frogs of Ranidae, and widely used in studies of

various fields of biology, we are completely igno-

rant about properties of toad gonadotropin. All of

gonadotropin radioimmunoassay systems that we

tested, including the bullfrog gonadotropin RIAs

can not quantify toad gonadotropins with any great

precision or sensitivity.

For these reasons, purification and characteriza-

tion of toad (Bufo japonicus) gonadotropins were

carried out. Furthermore, homologous RIAs for

toad gonadotropins were developed.
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MATERIALSANDMETHODS

Purification and relative molecular mass (Mr) de-

termination

About 8,000 acetone-dried pituitary glands of

adult Bufo japonicus captured at the suburbs of

Tokyo were used as starting material. A glycopro-

tein fraction was prepared from this using an

ethanol precipitation method [4, 13].

The following three chromatographic steps were

used for further purification: cation exchange chro-

matography with Mono S using the Pharmacia

FPLC system, chromatofocusing, and gel flitration

using the FPLC system. For the cation exchange

chromatography, a Mono S HR10/10 column was

equilibrated with 50 mMphosphate buffer (pH

7.4). The glycoprotein fraction was dissolved in

the same buffer and divided into three aliquots.

They were separately applied to the column. After

washing with 40 ml of the equilibration buffer, the

column was eluted with a to 350 mMlinear

concentration gradient of NaCl. The flow rate was

4ml/min. For chromatofocusing, PBE118 gel

(Pharmacia) and 25 mMtriethylamine-HCl buffer,

pH 11, were used. The column (9x300 mm) was

eluted with 45-fold diluted Pharmalyte (Pharma-

cia; pH range 8-10.5)-HCl buffer, pH 7.0. After

the elution, the column was washed with 50 mM
phosphate buffer, pH 7.0, containing 0.5 MNaCl.

The flow rate was 18.4 ml/hr. The gel filtration was

conducted with a Superose 12 column (HR10/30).

The column was equilibrated and eluted with 50

mMphosphate buffer, pH 7.2, containing 0.15 M
NaCl at a flow of 0.3 ml/min.

Mr values of native final products were esti-

mated by comparing their elution volumes with

those of standard proteins (104540 of Boehringer

Mannheim) through the same Superose 12

column.

In addition to monitoring protein at 280 nm, the

protein content of some fractions was determined

by Folin reaction [14] using bovine serum albumin

(fraction V, Wako) as the standard.

Radioreceptor assays

Two kinds of radioreceptor assay (RRA) were

used for monitoring gonadotropin activity during

the course of purification and for quantifying the

gonadotropins in the final products. One was frog

LH-RRA (or LH-RRA) using a crude plasma

membrane fraction of the bullfrog testis as the

receptor and bullfrog LH (FL421B of Takada and

Ishii [4]) for the radioligand. In this method,

bullfrog LH is as 16 times potent as bullfrog FSH
when compared at the 50% inhibition level [9].

Another method was heterologous frog FSH-RRA
(or FSH-RRA) using a crude plasma membrane

fraction of the testis of Bufo japonicus as the

receptor and bullfrog FSH (FF1341B of Takada

and Ishii, [4]) for the radioligand. Wedevised this

assay method for this investigation, because it is

more sensitive to toad FSH than toad LH. In this

assay, bullfrog FSH is as four times potent as

bullfrog LH. These assays were carried out

according to Takada et al. [9] with the following

modifications in the preparation of receptors: the

testis homogenate was centrifuged at 1,000 g for 10

min at 4°C, and its supernatant was centrifuged

again at 8,500 g for 10 min at 4°C; resulting pellet

was resuspended at the final concentration of

about 25 and 5 mgof the original tissue per 0.1 ml,

in LH-RRA and FSH-RRA, respectively. A bull-

frog hypophyseal glycoprotein fraction (FGS1,

identical to HGPof Takada et al., [9]) was used as

the reference standard in both assays.

Bioassays

Minced testicular tissue of Bufo japonicus was

incubated in modified Krebs Ringer bicarbonate

with or without toad gonadotropins. The amount

of 3'-5'-cyclic AMP(cAMP) accumulated in the

tissue was determined by RIA as reported else-

where [4]. Total androgen released from the tissue

was determined by the RIA method for testoster-

one reported by Takada and Ishii [4] without

separation of testosterone and 5a-dihydro-

testosterone.

Poly aery lamide gel electrophoresis

Polyacrylamide gel electrophoresis (PAGE) was

performed by the method of Davis [15] on a

vertical gel slab (1.0 mmthick, 85 mmhorizontal

and 50 mmvertical length) prepared in Tris-HCl

buffer, pH 8.9, using Tris-glycine buffer, pH 8.3,

in the reservoir. The concentration of the gel was



Purification and RIA of Toad GTH

7.5%. Electrophoresis was performed first at 10

mAfor 15 min and 15 mAfor 34 min.

Sodium dodecyl sulphate polyacrylamide gel

electrophoresis (SDS PAGE) was performed at 5

mA for 5 min and 10 mA for 120 min on a 0.2%

SDS, 15% acrylamide slab gel, 1.0 mmthick, 85

mmhorizontal and 70 mmvertical length. Details

of the sample preparation and electrophoresis are

described in Lugtenberg et al. [16]. SDS-7 (Sigma)

was used as molecular weight markers.

Gels were stained with a silver stain kit (Kanto

Chemical).

Amino acid composition

Two of the final products (BID and B5D) were

hydrolyzed in 6N HC1 at 110°C for 24 hr. The

hydrolysates were analyzed for amino acid com-

position by an automatic amino acid analyzer

(Hitachi 835).

Antisera production and immunoblot

Antisera against two toad gonadotropin prepa-

rations were prepared by the method of Goudie et

al. [17]. Briefly, BID (0.15 mg) and B3D (0.15

mg) were used as antigens. They were emulsified

with Freund's complete adjuvant. The emulsion

containing 0.05 mg of hormone protein was direct-

ly injected into popliteal lymph nodes of each adult

male rabbit. Two groups of three rabbits were

used for immunization with BID and B3D, respec-

tively. After 25 days and 40 days, the same
emulsion containing 0.1 mg of hormone was in-

jected subcutaneously. A week after the last

injection, the rabbits were bled. An anti-BlD-

serum (L-2) and anti-B3D-serum (F-2) were
selected among the sera raised and used for RIA
and immunoblot, as they had the highest affinity

against respecitve antigens. Antigenicity of

purified toad gonadotropin was investigated by
immunoblot [18] following SDS PAGE.

RIA protocol

Two radioimmunoassays, one for LH-like gona-

dotropin using
125 I-B1D and anti-B ID-serum

(B1D-RIA), other for FSH-like gonadotropin us-

ing
125 I-B3D and anti-B3D-serum (B3D-RIA),

were developed. Radioiodinations of gonadotro-

pins were performed by the lactoperoxidase

method [9]. Samples were diluted to appropriate

concentrations with 10 mMphosphate buffer-0.14

M NaCl, pH 7.4 (PBS) containing 0.2% Triton-

X100 and 1% bovine serum albumin (RIA buffer

A). The antisera were diluted with PBScontaining

50 mMEDTAand 1% normal rabbit serum (RIA

buffer B) to 1/10,000 for L-2 and 1/4,000 for F-2.

Fifty microliters of each of the sample and anti-

serum were mixed in an assay tube. Fifty microli-

ters of the radioligand in the RIA buffer A (about

40,000 cpm) was added to the assay tube following

12 hr delay. Six hr after addition of the radioli-

gand, 200 /A of a 1:60 dilution of goat anti-rabbit

y-globulin in the RIA buffer B containing 2%
polyethylene glycol 6000 was added. The tubes

were incubated for 12 hr, diluted with 500 /A of the

chilled RIA buffer A, and centrifuged at 3,000 g

for 45 min at 4°C. The supernatant was removed

by aspiration and radioactivity in the pellet was

measured. All RIA procedures except centrifuga-

tion were done at room temperature.

RIA validation

Specificity of RIAs was tested by assaying some

vertebrate gonadotropin preparations. Rat LH
and FSHused were rat LH-I5 and rat FSH-I4 from

NIAMDD. Pregnant mares serum gonadotropin

(PMSG, 1780I.U./mg) and human chorionic

gonadotropin (hCG, 2400 I.U./mg) were purch-

ased from Sigma. Tuna and chicken pituitary

glycoproteins (Tuna G.P. and chicken G.P.) were

prepared according to Ando and Ishii [19] and

Sakai and Ishii [20], respectively. Bullfrog LH and

FSH were FL421B and FF1341B of Takada and

Ishii [4]. Bufo marinus gonadotropins, putative

LH (BmS4B) and FSH (BmS6B), were prepared

by successive purification steps of precipitation in

ethanol, an anion exchange chromatography and

gel filtration from Bufo marinus pituitary glands

(Takada and Ishii, unpubl.). The effect of plasma

components other than gonadotropin on the assay

result was studied by adding known amounts of

gonadotropins dissolved in 0.025 ml of buffer to

the same volume of a toad plasma sampled and

measuring their recoveries by the RIAs. It was

also studied by assaying a plasma sample from a

male hypophysectomized toad collected in April.
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RESULTS

Purification

Relative RRA and RIA potencies of the gly-

coprotein fraction (BAG11D in Table 1) were

higher than those of acetone-dried powder (BA1D
in Table 1), although recoveries of RRApotencies

were as low as 20%. After the Mono S chroma-

tography of BAG11D, both of LH and FSHRRA
activities were detected in two closely associated

protein peaks ranging between 73 and 98 ml of the

elution volume (Fig. 1). Although there was a

difference in the ratio of two RRA activities

between the two peaks, we had to combine the

peaks because of their close locations. The com-

bined peaks were subjected to chromatofocusing.

RRAactivities were detected in four of resulting

several protein peaks (Fig. 2). Elution volumes of

the active peaks were 42 to 65 ml (Fr. 1), 66 to 90

ml (Fr. 2), 93 to 119 ml (Fr. 3) and 236 to 240 ml

(Fr. 5). Levels of LH-RRA and FSH-RRAactivi-

ties were similar in Frs.l and 2, while FSH-RRA
activity exceeded LH-RRA activity clearly in Frs.

3 and 5. Frs. 1,3 and 5 were further purified by gel

filtration on Superose 12. The gel filtration of Fr. 1

yielded a single peak of both protein and RRA
activities at the same location (A/r estimated to be

25,000), and hence the peak was recovered as one

(BID) of final products. Gel filtrations of Frs. 3

and 5 gave a large main protein peak (Mr being

28,000 and 20,000, respectively) and additional

small ones. As RRAactivities were detected only

in the main peaks, the main peaks were recovered

as final products (B3D for Fr. 3 and B5D for Fr.

5).

Biological potencies

The fraction BID showed the highest LH-RRA
activity which was as 3 to 4 fold potent as the

fractions B3D and B5D (Table 1). In the FSH-

RRA, B3D and B5D showed significantly higher

activity than BID. The activity ratio of FSH-RRA
to LH-RRA was about one in BID, while five to

six in B3D and B5D.

Accumulation of cAMPin the testicular tissue of

the toad in vitro was stimulated by all of BID, B3D
and B5D (Fig. 3). Stimulation by BID at the dose

Table 1. Weight estimates of toad gonadotropins and comparison of their relative potency estimates of

toad gonadotropins to bullfrog gonadotropins by radioreceptor assays and radioimmunoassays

(mg)

Frog LH
RRA

Potency
d

(XFGS1)

Frog FSH
RRA

Potency
(XFGS1)

FSH-RRA B1D-RIA B3D-RIA B3D-RIA

LH-RRA
ratio

6
potency

(XBA1D)
potency B1D-RIA

(XBAID) ratio

BAlD a
(8850) 0.010 0.019 1.9 1.0 1.0 1.0

BAGllD b
(660) 0.023 0.057 2.5 5.96 10.2 1.72

BID 19.7 1.0 0.94 0.94 25.8 1.59 0.062

B3D 2.40 0.30 1.6 5.3 9.56 51.9 5.43

B5D 0.26 0.23 1.5 6.5 7.57 44.5 5.88

bullfrog LH 17.

2

f
3.5 g 0.20

bullfrog FSH 1.1* 14.8 13.0

a BA1D is an acetone-dried powder of the pituitary.
b BAG11D is a glycoprotein preparation.
c Dry weight only for BA1D and BAG11D. The other fraction protein contents in terms of the standard

protein, bovine serum albumin.
d

Relative potency estimation in the parallel line assay was based on the method of Bliss [21]. Confidence limits

were calculated but not shown.
e

Relative potency ratio of frog FSH-RRA to frog LH-RRA.
f Data of Takada et al. [9].

g Relative potency estimation was performed to compare at the 50% inhibition levels of bullfrog gonadotropins

and FGS1, as their inhibition curves were not parallel.



Purification and RIA of Toad GTH 967

-400 j;

Elution volume (ml)

Fig. 1. Chromatography of Bufo japonicus adenohypophyseal glycoprotein (BAG11D) on Mono S. Optical

absorbance at 280 nm is indicated by the thick line. The NaCl concentration is shown by the dotted line. Frog

LH-RRA activity is depicted by circles, frog FSH-RRA activity by triangles.

Fr.3

Elution volume (ml)

Fig. 2. Chromatofocusing of a RRAactive fraction after Mono S chromatography. Optical absorbance at 280 nm is

indicated by the thick line and pH by the dotted line. Frog LH-RRA activity is depicted by circles, frog

FSH-RRA activity by triangles.
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50 250 1250

Dose of hormone (ng/ml)

. 3. Cyclic AMP accumulation in slices of Bufo

japonicus testis treated with different doses of BID,

B3D and B5D in vitro. Each point indicates the

mean cAMP accumulated in tissue of duplicate

tubes and each vertical line represents the standard

error.

two bands or more. The stainability and mobility

of the bands (a to d in Fig. 5) varied among the

products.

of 1.25 //g/ml was significantly higher than that by

B3D at the same dose. At lower dose levels, there

was no significant difference among fractions. In

vitro androgen secretion was stimulated vigorously

by BID, but slightly by B3D and B5D at the

highest dose level (Fig. 4).

A B C D E
Fig. 5. PAGEof various preparations. A, BA1D (5

fig); B, BAG11D (1.2 fig); C, BID (500 ng); D,

B3D (500 ng); E, B5D (345 ng).

50 250 1250

Dose of hormone (ng/ml)

Fig. 4. In vitro release of androgen from Bufo japoni-

cus testis treated with different doses of BID, B3D
and B5D. Each point indicates the mean androgen

released from tissue of duplicate tubes and each

vertical line represents the standard error.

PAGEand Immunoblot

The final products were analyzed by PAGEfirst

without reduction. All the products consisted of

The SDS PAGE analysis was performed for

BID and B3D (Fig. 6). Two sharp and dense

bands (a and b) were observed in BID, while four

faint bands (a', b', c and d) were found in B3D.

Positions of a' and b' were close to those of a and

b, respectively. Mr values estimated at the center

Fig. 6. SDS PAGEof toad gonadotropins. A, BID
(1 fig); B, B3D (1.75 fig); C, the molecular weight

markers.
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of each band were the followings: a, 20,700; b,

19,800; a', 20,600; b', 19,700; c, 24,500; d, 22,500.

In the immunoblot of SDSPAGEgels (Fig. 7),

the anti-B ID-serum stained bands a and b of BID
densely, and bands a' and b' and d of B3D less

densely. It did not stain band c of B3D at all. The

anti-B3D-serum stained bands c and b' or its lower

part of B3D densely. It slightly stained bands a

and b of BID, and did not stain band d of B3D.

A B A' B'
Fig. 7. Immunoblot of toad gonadotropins analyzed by

SDSPAGE. A and A' BID (500 ng); B and B' B3D
(500 ng). A and B were stained by anti-B ID-serum,

and A' and B' by anti-B3D-serum.

Amino acid composition

Amino acid compositions of fractions BID and

BSD are given in Table 2. Notably, B5D con-

tained higher concentrations of glutamic acid plus

glutamine and valine, but a lower concentration of

phenylalanine than BID. Contents of the other

amino acid residues were almost identical.

Radioimmunoassays

Wedeveloped the following two assay systems:

one using an anti-B ID-serum (L-2) and BID for

radioligand (abbreviated as B1D-RIA), and the

other using an anti-B3D-serum (F-2) and B3D for

radioligand (abbreviated as B3D-RIA). At dilu-

tions of 1:10,000 for L-2 and 1:4,000 for F-2, about

20% of the radioligands were bound to the anti-

bodies.

Table 2. Amino acid composition of

toad gonadotropins

Amino acid BID B5D

Lys 9.7 8.5

His 3.4 3.6

Arg 4.0 3.5

Asx 11.1 10.9

Thr 9.6 10.0

Ser 8.6 7.5

Glx 6.2 7.9

Pro 7.0 7.1

Gly 3.4 4.2

Ala 7.6 6.6

Val 5.4 7.2

Met 2.7 1.8

He 5.3 5.1

Leu 6.6 7.6

Tyr 4.4 5.2

Phe 5.0 3.2

a Residue per 100 residues. Uncertain esti-

mates of Cys and Trp are omitted.

In both RIA systems, gonadotropin prepara-

tions of Bufo japonicus, Bufo marinus and Rana

catesbeiana inhibited binding of the radioligands to

antibodies at various rates and with different

slopes of the inhibition curve , while none of gonado-

tropin preparations of mammals, a bird and a fish

crossreacted (Fig. 8). LH or LH-like preparations

of anurans were more potent to inhibit the binding

than FSH or FSH-like prepartions of them in

B1D-RIA, while the FSH or FSH-like prepara-

tions were more potent than the LH or LH-like

preparations in B3D-RIA. In B1D-RIA, the aver-

age inhibition potency of B5D was about 30% of

the potency of BID (Fig. 9a) In B5D-RIA, the

average inhibition potency of BID was as low as

3% as that of B5D (Fig. 9b).

The sensitivity, defined as the concentration of

hormone to induce 2 X standard error inhibition,

and half-inhibition level were 0.05 and 1.88 ng/ml

of the sample, respectively, for B1D-RIA, and 0.5

and 15.5 ng/ml, respectively, for B3D-RIA. Intra-

and Inter-assay variation coefficients were 2.84

and 4.15%, respectively, for B1D-RIA, and 2.76

and 7.64%, respectively, for B3D-RIA.

As shown in Figure 9 a and b, plasma of an
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Fig. 8. Competition curves in RIA against (a)
125

I-toad LH, Fraction BID, and (b)
125

I-toad FSH-like gonadotropin,

Fraction B3D by gonadotropin preparations of various vertebrates. Curves for nonamphibian gonadotropins are

indicated at the upper part of the figures with a different vertical-axis scale position. See text for details.

intact Bufo japonicus inhibited binding of radioli- both assays. In addition, experiments to know the

gand in a parallel way with a Bufo gonadotropin, effect of plasma components on the assay result

and plasma of a hypophysectomized Bufo japoni- wer e conducted by determining recoveries of BID
cus slightly inhibited binding of radioligands in (0.056 to 0.442 ng) and B5D (0.261 to 6.32 ng)
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Fig. 9. Competition curves in RIA against (a)
125

I-toad LH, Fraction BID, and (b)
125

I-toad FSH-like gonadotropin,

Fraction B3D by different gonadotropin fractions of the toad and plasma samples of a normal intact (toad plasma)

and hypophysectomized (Hx plasma) toads. BID is toad LH, and B3D and B5D are toad FSH-like gonadotropin

subspecies.
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Fig. 10. Diagrams showing the relation between the

amount of added hormones (horizontal axis) into

plasma and the amount of recovered hormone from

plasma (vertical axis) by RIA. The upper (a) and

lower (b) figures are the LH- and FSH-RIAs, re-

spectively. See text for details.

which were added into 1/2 diluted plasma samples

(Fig. 10). The correlation analysis between

amounts of hormones added and recovered re-

sulted in the following formulas of regression lines

and regression coefficients (r):

Y=1.037X-0.0317 and

r=0.9995 for B1D-RIA and

Y=1.009X+0.0573 and

r=0.9991 for B3D-RIA.

These parameters clearly show that there was

practically no disturbance by plasma components

in these assay systems.

DISCUSSION

It has been reported that the bullfrog as well as

the other higher vertebrates has two sorts of

pituitary gonadotropin, i.e. FSHand LH [1-4, 7].

One (BID) of our final products of Bufo gonado-

tropins has characteristics of LH: it stimulated

androgen release from the testis tissue in vitro, and

showed similar receptor binding property to bull-

frog LH. Behavior of BID in the gel filtration and

electrophoresis indicated that it is chemically

homogeneous. Appearance of two bands after

PAGEhas been observed frequently in gonado-

tropins of other vertebrates, and is considered to

represent dissociation of the hormone molecule

into two subunits.

The remaining two of the final products, B3D
and B5D, are similar or almost identical to each

other in the biological, receptor binding and im-

munological properties, although they are elec-

trostatically different as revealed by the chromato-

focusing and PAGE. Such a property has been

known as a characteristic of gonadotropins and

thyrotropin, and referred to "microheterogenei-

ty". Accordingly, B3D and B5D are considered to

be subspecies of a gonadotropin and belong to the

same hormone species.

B3D and B5D are clearly distinct from BID,

Bufo LH, in all of the properties examined. For

example, B3D and B5D showed clearly a higher

RRA potency ratio (FSH-RRA/LH-RRA) than

BID, and this ratio is more similar to the ratio of

bullfrog FSH than to that of bullfrog LH (Table 1).

Furthermore, the anti-B3D-serum showed a high-

er affinity to B3D and B5D than BID (Table 1),

and also to bullfrog FSH than to bullfrog LH (Fig.

8). All these results suggest that the main compo-

nent of B3D and B5D is FSH-like gonadotropin of

Bufo. To confirm this, the establishment of spe-

cific biological assay for toad or anuran FSH is

necessary.

There is a problem about the chemical

homogeneity of B3D and presumably B5D also.

Although they seemed to be homogeneous in

mobilities in chromatographies and PAGEwithout

reduction, B3D was dissociated into four bands

after SDSPAGE. The immunoblot indicated that

B3D contained three anti-B ID-serum positive
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bands, two of them are indistinguishable from

anti-B ID-serum positive bands, a and b, of BID in

their locations. These results suggest the con-

tamination of BID, LH, in B3D. However, the

anti-B3D-serum only weakly stained a and b bands

of BID, while it stained the lower part of b'

densely. Accordingly, at least the lower part of b'

can not be a BID component.

The resolution of BID and B5D (or B3D) by the

RRAs is inferior to that by the RIAs. This is

considered to be due to the intrinsic nature, i.e.

incomplete LH/FSH specificity, of anuran gonado-

tropin receptors [9], and not to the cross con-

tamination of two hormones. If we did collect

more pituitaries, we could have improved the

purity of B3D and B5D. However, 8,000 toads

were the maximum number that was supposed not

to affect the natural balance of the toad popula-

tions, although 8,000 were the minimum number

for the isolation of gonadotropin.

The RIAs for Bufo LH and FSHdeveloped have

enough sensitivity to measure plasma gonadotro-

pin levels of the toad, Bufo japonicus. Disturb-

ance of the assay result by plasma components is

low except for nondiluted or less diluted plasma

samples. However, there is a problem in the

LH/FSH specificity. The cross-reactivity to B5D
(putative FSH) in BID- or LH-RIA was high

(30%), while that to LH in the putative FSH-RIA
was low (3%). By applying these two RIAs to a

single sample and incorporating the cross-

reactivity values, we may calculate the true con-

centration of FSH and LH. Accordingly, these

assays can be used now as an important tool for

endocrinological studies of toad reproduction.

ACKNOWLEDGMENTS

This study was supported by a grant from Ministry of

Education, Science and Culture, Japan. The authors are

grateful to Drs. H. Hayashi, K. Iriyama and K. Muraka-

mi for the amino acid analyses, and colleagues of our

laboratory in Waseda University for their assistance and

suggestions. Wealso thank to Dr. A. F. Parlow and the

Hormone Distribution Programs of the NIAMDD for

their gifts of peptide hormones, and to Prof. M. Matsuda

and Dr. Y. Yagi, Department of Biochemistry, The Jikei

University School of Medicine, for their supports during

the completion of the manuscript.

REFERENCES

1 Licht, P. and Papkoff, H. (1974) Separation of two

distinct gonadotropins from the pituitary gland of

the bullfrog Rana catesbeiana. Endocrinology, 94:

1587-1594.

2 Takahashi, H. and Hanaoka, Y. (1981) Isolation

and characterization of multiple components of

basic gonadotropin from bullfrog (Rana catesbeiana)

pituitary gland. J. Biochem., 90: 1333-1340.

3 Takahashi, H. and Hanaoka, Y. (1985) Character-

ization of bullfrog gonadotropin molecules in com-

parison with mammalian hormones. In "Current

Trends in Comparative Endocrinology". Ed. by B.

Lofts, and W. N. Holmes, Vol. 1, Hong Kong Univ.

Press, Hong Kong, pp. 187-188.

4 Takada, K. and Ishii, S. (1984) Purification of bull-

frog gonadotropins: presence of new subspecies of

luteinizing hormone with high isoelectric points.

Zool. Sci., 1: 617-629.

5 Farmer, S. W., Licht, P., Papkoff, H. and Daniels,

E. L. (1977) Purification of gonadotropins in the

Leopard Frog (Rana pipiens) . Gen. Comp. Endocri-

nol., 32: 158-162.

6 Licht, P., Farmer, S. W. and Papkoff, H. (1975)

The nature of the pituitary gonadotropins and their

role in ovulation in a urodele amphibian (Ambysto-

ma tigrinum). Life Sci., 17: 1049-1054.

7 Papkoff, H., Farmer, S. W. and Licht, P. (1976)

Isolation and characterization of luteinizing hor-

mone from amphibian (Rana catesbeiana) pituitar-

ies. Life Sci., 18: 245-250.

8 Gavaud,J., Licht, P. and Papkoff, H. (1979) In

vitro stimulation of cyclic-AMP production in Rana

catesbeiana ovaries by homologous gonadotropins.

Gen. Comp. Endocrinol., 38: 83-92.

9 Takada, K., Kubokawa, K. and Ishii, S. (1986) Spe-

cific gonadotropin binding sites in the bullfrog testis.

Gen. Comp. Endocrinol., 61: 302-312.

10 Daniels, E. L., Licht, P., Farmer, S. W. and Pap-

koff, H. (1977) Immunochemical studies on the

pituitary gonadotropins (FSH and LH) from the

bullfrog, Rana catesbeiana. Gen. Comp. Endocri-

nol., 32: 146-157.

11 Tanaka, S., Hanaoka, Y. and Wakabayashi, K.

(1983) A homologous radioimmunoassay for bull-

frog basic gonadotropin. Endocrinol. Japon., 30:

71-78.

12 Yoneyama, H. and Ishii, S. (1985) Effects of

mammalian luteinizing hormone-releasing hormone

(LHRH) on releases of gonadotropin from adenohy-

pophysis of male bullfrog in vivo and in vitro. Zool.

Sci., 2: 979.

13 Stockell Hartree, A. and Cunningham, F. J. (1969)

Purification of chicken pituitary follicle-stimulating



974 K. Takada, M. Itoh et al.

hormone and luteinizing hormone. J. Endocr., 43:

609-616.

14 Lowry, O. H., Rosebrough, N. J., Farr, A. L. and

Randall, R. J. (1951) Protein measurement with the

Folin phenol reagent. J. Biol. Chem., 193: 265-275.

15 Davis, B. J. (1964) Disk electrophoresis II. Method

and application to human serum proteins. Ann. N.

Y. Acad. Sci., 121: 404-427.

16 Lugtenberg, B., Meijers,J., Peters, R., Hoek, P.

and Alphen, L. (1975) Electrophoretic resolution of

the 'major outer membrane protein' of Escherichia

coli K12 into four bands. FEBS Lett., 58: 254-258.

17 Goudie, R. B., Home, C. H. W. and Wilkinson, P.

C. (1966) A simple method for producing antibody

specific to a single selected diffusible antigen. Lan-

cet, ii: 1224-1226.

18 Towbin, H., Staehelin, T. and Gordon, J. (1979)

Electrophoretic transfer of proteins from polyacryla-

mide gels to nitrocellulose sheets: procedure and

some applications. Proc. Natl. Acad. Sci. USA, 76:

4350-4354.

19 Ando, H. and Ishii, S. (1988) Separation of gona-

dotropic fractions with different species specificities

from tuna pituitaries. Gen. Comp. Endocrinol., 70:

181-192.

20 Sakai, H. and Ishii, S. (1980) Ioslation and charac-

terization of chicken follicle-stimulating hormone.

Gen. Comp. Endocrinol., 42: 1-8.

21 Bliss, C. I. (1952) "The Statistics of Bioassay".

Academic Press, New York.


